It is generally believed that depolarizing K inactivation is responsible for the anomalous rectification observed in frog muscle fibers in Cl-deficient solutions.1~'2> The work reported here deals with a depolarizing conductance increase which apparently causes "anomalous rectification".
The experiments were performed on sartorius muscle fibers of Rana catesbiana.
Most of the Cl of Ringer's solution was replaced with F, the most favorable anion in squid axons when applied internally3> (Na unchanged, Ca omitted, containing 2.05 mM KC1). Almost normal action potentials (slightly prolonged and reduced in amplitude) could be produced in the muscle fibers in the F-rich solution by the use of the conventional two intracellular microelectrodes technique, provided normal resting potentials had been maintained with an inward current.
The action potentials were blocked immediately when 10-6 g/ml of tetrodotoxin, a selective blocker of the "Na channel",4~ was added. The results imply that externally applied F ions affect the Na channel very little, if at all.
The late current-voltage (I-V) relation, measured in the low resting potential fibers after equilibration in the F-rich solution containing tetrodotoxin (10-6 g/ml), showed relatively minor nonlinearity. In the hyperpolarized fibers, however, application of outward current pulses induced prolonged depolarizing responses.2~ The depolarizing response was all-or-none (Fig. 1A , traces 1 and 2) in many fibers and was autogenetic,2~ attaining its peak after cessation of the pulse (Fig. 1A, trace 2) . The same stable membrane potential (about -8 mV) was reached in trace 3 immediately after the pulse . The membrane conductance, deduced from the quick post-pulse potential change in traces 1 and 3, was increased about ten times during the depolarizing response.
Often the depolarizing responses did not last long but were terminated during the pulses (Fig. 1B) .
Medium depolarizations of the hyperpolarized fibers caused steep anomalous rectification in the late I-V relation ( brane potentials more positive than minus several millivolts (which corresponds to the stable potential for the depolarizing response), the I-V relation was linear (Fig. 3A, III) .
Comparison of this slope with the linear slope at a sufficiently hyperpolarized state implies again about ten times higher membrane conductance in the strongly depolarized state.
By superimposing a constant test pulse on various depolarizing pulses, the effective resistance of the fibers was shown to decrease for the depolarizations both at and beyond the steep anomalous curvature (Fig. 2, A3 , B3, A4, and B4; Fig. 3B, circles) . The results demonstrate that the steep anomalous rectification does not result from depolarizing K inactivation (membrane resistance increases), but results from depolarizing conductance increase.
The extraordinarily large potential change due to the test pulse near the foot of the steep anomalous Fig. 2. [Vol. 44, curvature ( Fig. 2B2 ; Fig. 3B ) is regarded as representing electrogenic effects of the subthreshold depolarizing response ;5) such a tendency was seen only during the subthreshold response, and was prominent for a large test pulse. For smaller depolarizations, the amplitudes of potential changes induced by test pulses were increased slightly with depolarization ( Fig. 3B, circles) , reflecting relatively small anomalous rectification in the I-V relation (Fig. 3A, I ) . But the increase was only barely visible when smaller test pulses were used (Fig. 3B,  crosses and triangles) . It might be due to K inactivation.
Alternatively, it might also be due to the electrogenic effects.
When the resting potentials of the fibers were in an appropriate range, all-or-none "anode break responses" 2~ were produced.
From the view point of the basic similarity in the stimulating procedures, underlying mechanisms for the anode break response and for the depolarizing response are regarded as the same. When the duration of hyperpolarization was sufficient and constant, the amplitude of the induced anode break response was increased with the amplitude of hyperpolarization in a S-shaped manner toward a final value which was close to zero membrane potential.
A similar increase occurred with the increase in the duration of hyperpolarization when the amplitude of hyperpolarization was large and constant. Thus the depolarizing conductance increase responsible for the depolarizing and anode break responses was inactivated by maintained depolarization.
The all-or-none depolarizing response in the F-rich solution was blocked by the addition of 10-3 g/ml of picrotoxin, a blocker of synaptic and non-synaptic C1 activation in the arthropod muscle fibers.2> In time, the anomalous rectification in the hyperpolarized fibers also disappeared.
Then the fibers showed very poor delayed rectification.1>>2> The potential change during a large outward current pulse was gradually increased, indicating a time-dependent decay of the delayed rectification.
The same effects as those observed with the addition of picrotoxin were observed when a normal external Cl concentration was restored. The poorness of the delayed rectification suggests that externally applied F depresses delayed rectification. The results also suggest that an increase in Cl permeability is responsible f oar the depolarizing conductance increase in the F-rich solution, since the observed values of the conductance increase are too large to be expected from the equation of the constant field theory6) under a constant C1 permeability.7)
The C1 equilibrium potential calculated, assuming that the internal Cl concentration remained 1.5 mM8> in the F-rich solution, was about -8 mV, which was in fairly good agreement with the obtained peak values of the depolarizing responses.
Contri- bution of Na, the only other candidate ions in view of equilibrium potential, to the conductance increase via the Na channel is unlikely in the presence of the high concentration of tetrodotoxin used.4~ Similar Cl activation occurs in the electroplaques of Raja.2~ This work was supported in part by grants from the Ministry of Education, and a grant from the Muscular Dystrophy Associations of America, Inc. Crystalline tetrodotoxin used was supplied by the Sankyo Co., Ltd.
